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Fig. 1. Sample screenshots from our educational role-playing game (RPG) to support visualization literacy education at ages 11 - 13.
Our game encompasses data-related problems involving visualizations that young learners are required to solve to make progress
in the game. Players must first indicate the right graph to solve the problem (a), and then interpret the selected graph to answer a
question (b). In this work, we investigate the effect of incorporating narrative elements on learning and engagement (c).
Abstract—Building on game design and education research, this paper introduces narrative-focused role-playing games as a way
to promote visualization literacy in young children. Visualization literacy skills are vital in understanding the world around us and
constructing meaningful visualizations, yet, how to better develop these skills at an early age remains largely overlooked and
understudied. Only recently has the visualization community started to fill this gap, resulting in preliminary studies and development of
educational tools for use in early education. We add to these efforts through the exploration of gamification to support learning, and
identify an opportunity to apply role-playing game-based designs by leveraging the presence of narratives in data-related problems
involving visualizations. We study the effects of including narrative elements on learning through a technology probe, grounded in a
set of design considerations stemming from visualization, game design and education science. We create two versions of a game
one with narrative elements and one without and evaluate our instances on 33 child participants between 11- to 13-years old using a
between-subjects study design. Despite participants requiring double the amount of time to complete their game due to additional
narrative elements, the inclusion of such elements were found to improve engagement without sacrificing learning; our results indicate
no significant differences in development of graph-reading skills, but significant differences in engagement and overall enjoyment of the
game. We report observations and qualitative feedback collected, and note areas for improvement and room for future work.
Index Terms—Visualization Literacy; Educational technology; Gamification; Narrative
1 INTRODUCTION
From global-scale events such as climate change and public health
crises, to societal topics such as economics, education, culture, or nutri-
tion, many infographics, tables, and charts are created and circulated
daily to help the general population better understand what is happening
and what actions need to be taken. Graphical representations of data
can exert considerable influence on the readership: the mere presence
of a chart – regardless of triviality – is capable of convincing readers of
the scientific credibility of an article [84]. An important caveat is that,
when designing data visualizations, parties may present information
in ways that mislead or deceive readers [65], whether intentionally or
not. As such, the ability to understand and appropriately handle data
visualizations – or more succinctly, visualization literacy [26, 31] – is a
vital skill. Yet, despite its importance, visualization literacy amongst
the general public remains low [25].
Recently, the visualization community has begun to acknowledge
and address this deficiency. Children are exposed to charts and other
data management topics as early as grade 1 [8], and previous research
has looked at ways to support visualization literacy education at the
elementary school level [15, 21, 31]. Research in this area is still in
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its infancy, and a range of methods to support learning, especially at a
young age, have yet to be investigated. With our work, we add to these
efforts through the exploration and application of a form of educational
support not yet formally studied in visualization: gamification.
Gamification seeks to provide an interactive and engaging way of
teaching players about new concepts or skills. We see gamification
being applied to a broad range of subjects including music [60] and
physics [61] in an attempt to enrich the learning experience. Differ-
ences between the designs of educational games exist in order to better
target difficulties and challenges offered by each topic. For example,
gamification of basic arithmetic concepts such as addition or multi-
plication may result in a design that encourages players to repeatedly
solve problems in a short period of time. While this approach may
work for some topics, this rote learning style of gamification has been
criticized for its focus on training rather than actual learning [36, 42],
and may not lend itself well to tasks where memorization or recall are
not key factors in understanding the material – as is in the case with
visualization literacy.
A review of publicly-available visualization problems posed to el-
ementary school children (e.g., [4, 5, 8]) shows that stories are often
used to provide context and motivation for questions related to chart
interpretation. By leveraging the presence of such stories, we see an
opportunity to apply a more narrative-focused approach to game de-
sign, such as those offered by role-playing games (“RPGs”). Our main
research questions then become:
(RQ1) What are the key factors to consider for an RPG-style educa-
tional game focused on visualization literacy?
(RQ2) How does the inclusion of narrative elements affect learning
and engagement, in the context of a visualization literacy game?
1
ar
X
iv
:2
00
8.
13
74
9v
1 
 [c
s.H
C]
  3
1 A
ug
 20
20
In this work, we introduce the first story-based game to support
visualization literacy learning. We describe our own instance of a game,
complete with a set of exercises, overarching narrative, and mechan-
ics to support narrative elements (§3), built as a technology probe to
evaluate our approach. To gauge the impact of narrative elements in
games focused on visualization literacy, we design a between-subjects
study to evaluate two variations of our game: one with narrative ele-
ments, and one without (§4). Our results (§5) show that the inclusion of
narrative elements yields a significantly positive impact on children’s
engagement and enjoyment, though it requires players to spend more
time interacting with added elements. Interview sessions reveal that
children in the with-narrative condition are generally pleased with the
story and associated interactions, but individual differences exist.
Using the qualitative feedback and observations from the study, we
identify areas of improvement and discuss directions for future works
(§§6-10). Specifically, we contribute a set of design considerations to
guide future work in creating RPG-style visualization games, grounded
in the literature from both education and game design fields (§7), and
reflect on lessons learned (§8).
2 RELATED WORK
Our work builds on prior literature in visualization literacy, educational
games, and the role of narratives in games.
2.1 Visualization Literacy
As studies surfaced the difficulties faced by the general population
in interpreting and creating visual representations of data [25, 46, 63],
visualization literacy has emerged as an increasingly pressing con-
cern. Visualization literacy, or visual information literacy [85], is the
ability to critically read and construct data visualizations [24, 26, 31].
Lacking such skill can be detrimental to individuals, resulting in poor
decision-making through misinterpretation of charts. There is substan-
tial anecdotal evidence of chart misuse, influencing the way people buy
products, vote, or respond to a pandemic [28, 33].
In response to this problem, visualization researchers have started
to discuss a research agenda to promote visualization literacy, via a
series of workshops [52, 74], lessons learned from observational stud-
ies [31], or most recently, synthesis of accumulated knowledge in the
domain [24]. In an effort to develop standardized tools for measur-
ing visualization literacy levels in people, Boy et al. [26] introduced
visualization literacy tests grounded in Item Response Theory, and
Lee et al. [54] proposed the Visualization Literacy Assessment Test
(VLAT). Building the theoretical ground for guiding the design of a
much needed visualization curricula has also been outlined as critical.
Brner et al. [24] contributed an initial proposal of data visualization
literacy framework (DVL-FW), covering terminology and typology of
core concepts in visualization, as well as a model to guide the devel-
opment of curricula and assessment of visualization literacy. These
research initiatives contribute to the goal of establishing structured,
informed foundations, methods, models, and standardized instruments
for assessing, teaching and learning visualization.
One important concentration of effort in the area has been the docu-
mentation and research surrounding teaching and learning of visualiza-
tion in young children. Alper et al. [15] suggest that we can address
visualization illiteracy in generations to come by improving the way we
teach visualization as early as elementary school. To this end, they stud-
ied what materials are currently used in classrooms to support learning
of visualization concepts through a review of textbooks and interviews
with teachers. They designed “C’est la vis”, a technology-mediated
intervention to support teachers as they teach pictographs and bar charts
to students in grades K-4, aligned with current practices in education.
Building on Huron et al.’s work on constructive visualizations [48, 49],
Bishop et al. [21] studied the process of constructing visualization in
children aged 5-12 using “Construct-a-Vis”, a tablet-based multi-user
application where children can collaboratively or independently map
visual variables to data dimensions in a free-form, creative manner. We
continue these efforts focused on development of visualization literacy
education in young children through the exploration of another form of
intervention: gamification.
2.2 Gamification in Education
While gamification long predates computer games [50], the usage of
educational video games (also referred to as “serious games”) is par-
ticularly appealing to younger generations. For such audiences, games
have been found to be more engaging than passive media (e.g., videos)
due to the presence of active control [43, 70]. Through games, players
are able to engage in subject matter beyond simply reading and respond-
ing to problems, leading to increased performance when compared to
traditional learning methods [23, 57, 67]. Games enable curiosity and
experimentation through freedom to explore, allowing users to learn
through experiential play [88]. In addition to the incorporation of active
control, digital games take advantage of the auditory and visual streams
enabled by electronic devices, and the combination of visualisation and
exploration has been shown to enhance learning [17, 19, 67].
Interest in gamification has spawned a variety of educational games,
covering broad range of topics such as physics [61] and music [60]. In
visualization, there exists educational games focused on bar charts [40]
and scatter plots [86], as well as non-educational games inspired by
infographics [6]. Yet, despite the variety of genres and mechanics seen
in commercial games, we observe that many of these educational games
tend to focus on repetitive gameplay: players may be asked to complete
a set of mathematical computations within a specified amount of time,
or need to come up with a configuration to satisfy constraints for a
particular level. Some educational games integrate narrative elements
to an extent (e.g., with short video clips or quests [1, 2, 7]), but unlike
the puzzle and action-based designs, there is a lack of research on the
efficacy of such other genre and elements they offer, especially RPGs
and their focus on storytelling, guidelines for designing such games,
and information on how they affect learning and engagement.
2.3 The Role of Narratives in Games and Education
In commercial games, the presence of a story is credited with increased
feeling of involvement in the gameplay and immersion in the environ-
ment [76]. The presence of narratives in role-playing games helps to
create memorable and pleasurable experiences, with players likening
games in this genre to interactive story books and films [35]. Sto-
ries also act as intrinsic motivators, encouraging players to overcome
obstacles and challenges in order to see what happens next in the
story [42, 58, 88].
In online multi-player role-playing communities, there are often
groups of players who engage specifically in role-playing activities [35].
These players create avatars in the game world, craft rich lore and
personal stories for these characters, and interact with fellow role-
players or roam the game space while assuming the identity of their
creations. As such, it is clear that narratives are very important to at
least a subset of players, and this should not be ignored when designing
educational games.
In traditional education settings, the usage of story elements has
been shown to have positive effects on learner memory, motivation, and
engagement [20], though the degree of these effects may vary between
groups based on level of prior knowledge [90]. In teaching higher-
level math and computer science concepts, incorporating narratives
and storytelling has been suggested in order to generate interest in the
subject matter [66]. There has also been an attempt at interleaving
storytelling and learning in the context of a textbook [37], which has
been generally well-received by the public and praised for its engaging
presentation of educational content.
When looking at the effects of narratives in serious games specif-
ically, there seems to be conflicting information with respect to how
conducive they are to learning. Adams et al. experimented with the
effects of narratives in two games and concluded that, compared to
simply viewing a slideshow presentation, playing a narrative game does
not aid in learning [62]. In contrast, Bittick reported that narratives
increased self-perceived immersion in serious games and that gender
plays a role in the effectiveness of narratives on learning outcomes [22].
Another study [38] found that narration quality had positive effects
on learning effectiveness, as well as enjoyment. Further work looking
at narratives in serious games is required before making claims as to
whether or not they are largely beneficial or detrimental to learning.
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Fig. 2. Activity View. This view consists of a question display box (a), instructions (b), choices to select from (c), a feedback box (d), and character
sprites (e, f). Follow-up “interpret the chart” questions include a picture of the previously-chosen chart (g), and choices of written answers (h).
3 TECHNOLOGY PROBE: A GAME TO LEARN VISUALIZATION
We first briefly describe our own example of an educational RPG, the
design decisions we made, and its implementation. This technology
probe was created with the intent of studying the impact of narrative
elements in a visualization-focused educational game on learning and
engagement (RQ2; see §4). We share further reflections on design
considerations to account for when designing such games in §7.
3.1 Target Audience
For our game and subsequent study, we targeted children between 11-
to 13-years old, as we felt they would be comfortable with the amount
of reading required in an educational RPG. This age range also includes
the intersection of children who are most likely to read for fun in their
spare time, as well as children who already express familiarity with
electronic games and applications [13].
3.2 Educational Activity Design
We first looked at the provincial curriculum [8] to understand which
topics our participants should be familiar with and decided our educa-
tional activities would focus on pie charts (i.e. “circle graphs” [8]) and
histograms. Pie charts were chosen because children in this age range
should be mostly familiar with them but still find them challenging,
testing our game as a supplementary tool for practice of previously-
taught topics. Histograms would likely be new to most participants,
giving us insight on the game as a tool for teaching new concepts.
Educational activities are presented as multiple-choice questions,
consisting of choose a chart question (i.e. which chart is best suited
and/or the correct one to solve the problem), followed by an interpret
the chart question. To further streamline the process through which
players would be exposed to questions, we presented these question
types in pairs (e.g. Figure 1a, then Figure 1b).
We designed 10 story-neutral question templates (5 pairs) for each
of the charts tested, resulting in a total pool of 20 questions. These
templates captured the learning objective/topic to be tested (e.g., un-
derstanding intervals in histograms) in order to mimic the structure of
questions found in typical textbook exercises, and omitted the pres-
ence of a story or scenario, which would be added after the narrative
design was complete. For each question template, we created three
possible options/responses, along with textual feedback to be displayed
whenever an option is selected as a response. The feedback provided
was intended to provide hints and educate players on why their answer
may be incorrect, as well as provide further explanation or reinforce
understanding for cases where players chose the correct answer. Two el-
ementary school educators teaching in Canada and the US, respectively,
helped to review and refine the generated exercises and feedback.
3.3 Narrative Design
To add narrative context to the activities, players are further immersed
in a game world that they can explore and find characters to interact
with through dialogues. We opted for a linear narrative to allow for
stronger control over how players interact with the story in our study
(see §7.4). A simple story with a dramatic arc was used and situated
in the fantasy genre to mimic those seen in generic RPGs. Players are
first introduced to the main character – a student at a magic school –
and assume her role as she meets other characters, helping them solve
their problems. We used the narrative to set up context for each of the
educational activities, and reiterated the problem in the question text
to be displayed when solving a problem to promote fairness between
conditions. In linking the story and educational content, we loosely
tied the difficulty of problems with parts of the dramatic arc: histogram
questions, which we believed would be more difficult, were presented
only in the latter part of the game, during the rising action and climax of
the dramatic arc. We hoped that, while players may be discouraged by
the difficulty of the questions, they might be motivated and encouraged
to persevere to see the rest of the story, as the plot becomes more
interesting and intense.
3.4 Game Design
Our proof of concept was made using the Unity game engine and com-
piled for use on 10.5” iPad Pro. The game consists of three main views:
the Activity View (Figure 2) presenting the puzzles, and the Dialogue
View (Figure 1c) and Exploration View (Figure 3) to support the nar-
rative dimension of the game. Through the Activity View, players are
presented with the chart-related questions (§3.2). Upon selection of a
response, a feedback box (Figure 2d) appears in the bottom-left corner
of the screen with a predefined message associated with that choice.
Players are permitted (without penalty) to make choices until they
choose the correct answer, after which the Activity View ends and the
next view is loaded. The Activity View is typical of many educational
games [40,60,61,86], where puzzles are presented in sequence without
a narrative connecting them together.
In our RPG-like game, players are also able to interact with the
Dialogue and Exploration Views. Progression is relatively streamlined:
players engage with the narrative through character dialogue (via Dia-
logue View) and go through a phase of exploration until they interact
with the character who will advance the story for them and present the
question in the Activity View. Once finished, players are sent back to
the Dialogue View to wrap up the conversation and be given the next
objective. This repeats until the player fulfills all objectives. Across all
views, interaction is done through simple tapping.
4 COMPARATIVE STUDY: THE ROLE OF NARRATIVE
Using a between-subjects study design, we evaluated (RQ2): the impact
of incorporating narrative elements (i.e., exploration and dialogues) in
educational RPGs on learning and engagement on children aged 11-13,
using our design probe (§3). Participants were tested in independent
sessions conducted in a lab setting with only the participant and investi-
gator present, for a maximum of one hour. Participants were informed
that they could stop at any time without penalty, and were permitted to
ask questions if they needed any assistance. The study consisted of four
phases: Pre-Test, Play Time, Post-Test, and Interview. In Play Time,
participants were all presented with the same activities and were ran-
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Fig. 3. Exploration View. Players are able to explore the game world by
tapping on arrows (hotspots) connecting to adjacent maps. Character
interactions are triggered by tapping on a character’s respective sprite.
Chart Question Type Scenario
Q1. Pie Choose a Chart Non-Fantasy
Q2. Pie Choose a Chart Fantasy
Q3. Pie Interpret the Chart Non-Fantasy
Q4. Pie Interpret the Chart Fantasy
Q5. Histogram Choose a Chart Non-Fantasy
Q6. Histogram Choose a Chart Fantasy
Q7. Histogram Interpret the Chart Non-Fantasy
Q8. Histogram Interpret the Chart Fantasy
Table 1. Order and classification of chart questions used in the tests.
domly assigned to either the without-narrative (i.e., activities only,
presented in sequence without further context), or with-narrative
(i.e., activities, exploration, and dialogues) condition. Children were
compensated with their choice of small toys; parents received monetary
compensation for travel expenses.
Participants. Participants were recruited through a database of
families who had previously expressed an interest in child studies and
collected over several years using mailing lists, public events, and word
of mouth. Parents of children between 11 to 13 were contacted by
phone or by e-mail, and given a short description of the study. Due
to the amount of reading involved in the study, we requested that only
children who could read at a grade 6 level or higher participate in
the study. A total of 33 participants (16 female, mean age of 12.09)
participated in the study. All recruited participants were native English
speakers, with two having attended a French immersion school.
Pre-Test. Following introductions, the child participant was given
a test to gauge their prior understanding of pie charts and histograms.
We co-designed the pre- and post-tests with a professional educator, and
iteratively refined the instrument to take into account the amount of time
it would take for participants to complete each question, ease of grading,
as well as learning objectives. In particular, the educator suggested to
include basic arithmetic and reading comprehension questions to gauge
competence. Questions using both fantasy and non-fantasy contexts
were included to address transfer of knowledge between domains. The
final version of the pre-test distributed to participants consisted of
one page of questions gauging basic math and reading comprehension
skills (4 addition, 4 subtraction, 3 multiplication, and 2 simple word
problems), followed by 6 pages of chart problems (8 multiple-choice
questions). Table 1 outlines the order and types of chart questions used.
Play Time. Participants were asked to play through one version of
the game (with-narrative or without-narrative). This phase was
video- and screen-recorded for further analysis. Children were told they
would have approximately 30 minutes to complete the game, but there
would be no penalty or reward associated with speed of completion.
We quietly observed participants, and made notes about whether they
appeared to think about the questions or brute-forced solutions, if they
read the feedback box, and how they interacted with the story (e.g.,
if they appeared to read through all dialogue or skipped text). The
investigator only intervened when the participant appeared to be stuck
or if they requested clarification or assistance.
Grade 8
Grade 5
Grade 6
31
1 1
Grade 7
Female
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ith
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3 1
3 3
11 years
12 years
13 years W
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2 4
3 1
3 3
2
4 6
2 3
Male
Fig. 4. Demographics of participants per condition.
Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8
0
5
10
15
without-narrative (pre-test)
without-narrative (post-test)
with-narrative (pre-test)
with-narrative (post-test)
Fig. 5. Total number of participants answering questions correctly in the
pre- and post-tests and across conditions
Post-Test. Participants were then given a test on paper to gauge
changes in their understanding of the subject matter. This post-test was
identical to the one provided in the pre-test, but with the basic math
and reading comprehension questions removed.
Post-Study Interview. We conducted semi-structured interviews
to gather feedback on our approach. Participants were asked to rate
and share their general thoughts about different aspects of the game
such as the art, educational activities, engagement, fun, and overall
gameplay. Plot and characters were also included for those in the
with-narrative condition. In cases where participants were unre-
sponsive, the investigator attempted to obtain more information by
asking the participant to list what they enjoyed and did not enjoy about
the topic. Children in this condition were then asked whether they
noticed themselves skipping through the story or dialogue, and, if so,
explain why they might have engaged in such behaviour.
We then asked participants from both groups about their feelings on
the educational activities, if they engaged in brute-forcing strategies,
and why they might have done so when they were comfortable with
acknowledging this behaviour. Finally, thoughts on the usefulness of
the feedback box, the educational value of the game, and suggestions
on how to improve were solicited.
5 RESULTS
Child participants were assigned to the without-narrative condition
(16 participants) or the with-narrative condition (17); see demo-
graphics breakdown in Figure 4. Analysis of the basic comprehen-
sion test showed that, at most, participants made a single mistake
(9/33, 5 with-narrative, 4 without-narrative). From this, we de-
termined all participants were fit to grasp the study material and results
of the study were unlikely to be affected by fundamental differences
in cognitive ability. All participants played their assigned games to
completion, spending an average of 13min (without-narrative) and
10min (with-narrative) on educational activities. Participants in the
with-narrative condition spent an additional 13min on dialogue and
2min on exploration, for a total of 25min. Interviews lasted about 7-
8min. One participant (P25) did not complete the interview due to time
constraints. Video and audio recordings were transcribed for analysis.
5.1 Impact on Learning
Quantitative Analysis. Figure 5 shows the number of participants
responding correctly to questions in the pre- and post-test across con-
ditions. For each condition, we conducted a paired-samples t-test to
compare the performance in the pre-test and post-test for each ques-
tion. There was a significant difference in the pre-test scores (M=0.267,
SD=0.449) and post-test scores (M=0.485, SD=0.507) for one ques-
tion (Table 2, Q6), in the with-narrative condition; t(16)=0.436, p =
0.0093. We did not find any other significant differences, but for some
questions (e.g., Q1), there was no room for improvement as most, if not
all, participants answered the question correctly in the pre-test (Fig. 5).
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Q4. Art
Q1. Story
Q2. Characters
10 6
6 7 3
5 7 4Q3. Interactions
Q5. Activities
Q6. Engagement
Q7. Fun
2 2 12
3 11 2
6 7 21
31 12
51 9 1Q8. Overall Gameplay
8 4 13
10 3 21
2 8 231
5 2 171
Q5. Activities
Q6. Engagement
Q7. Fun
Q8. Overall Gameplay
very enjoyable (Q1-Q5 & Q8) 
/ very engaging (Q6) / very fun (Q7) 
not enjoyable at all (Q1-Q5 & Q8) 
/ not engaging at all (Q6) / not fun at all (Q7) 1 52 3 4
W
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Q4. Art
1 14 1
Fig. 6. Participant ratings from the interview phase.
For each pair of pre- and post-test questions, there were four possible
outcomes a participant could achieve, whether they would answer the
question correctly (C: correct) or not (I: incorrect) on the pre- then
post-test: C§C, C§I, I§C, I§I. Focusing on the overall changes in
performance at a per-participant level, we now discuss results based on
the number of times participants could have improved (sum of I§C and
I§I), showed improvement (total I§C), or did worse (total C§I).
‚ Gender. Grouping by gender revealed that all 8 males in the
without-narrative condition either improved (I§Cą 0; 6/8 males) or
showed no change between tests (I§C= 0; 2/8). Cases where males per-
formed worse (C§Ią 0; 4/8) were only found in the with-narrative
condition. There were no such trends seen in female participants.
‚ Age and Grade. All 11-year-old participants either improved (6/8; 3
in grade 5, 3 in grade 6) or showed no change (2/8; 1 in grade 5, 1 in
grade 6) between tests. None performed worse on any of the questions.
No clear patterns were apparent in other age/grade groups.
‚ Degree of Change. Participants who exhibited the greatest change
between tests (3/33) were observed to belong to the with-narrative
condition (I§C= 3, 2/3; C§I= 1, 1/3).
Qualitative Analysis. When asked about the educational value of
the games they played, most participants felt the game would be helpful
to people who struggle with charts or understanding word problems.
Some specifically noted that the activities would have been better suited
for students who are new to the covered charts, as opposed to someone
who is already familiar with and wanting to learn more about them. This
finding aligns with the quantitative data above regarding performance
based on age, as children in the 11-year-old group were less likely to
be familiar with concepts compared to older participants.
Regarding the feedback box — whose primary goal was to help
learners think critically when making mistakes — the majority of par-
ticipants (21/32) considered the functionality to be helpful or conducive
to learning, likening it to “having a teacher beside you.” (P1) as “it
gave you little recaps about how your answer was and how it thought
you did” (P15), which was found particularly valuable “when the ques-
tion was hard” (P15). Still, a few participants (P4, P7, P12, P23) felt
conflicted about the overall usefulness of the feedback because they
found it to be not as helpful when they made a correct choice, com-
menting “it was like a pat on the back” (P4). In contrast, P17 noted
that the feedback “made [her] feel happy because whenever [she]
got a question right, they said ‘good job’.” Another participant (P14)
mentioned that they would “half-read” the feedback box when their
answer was correct.
Four participants did not find the feedback box to be helpful (P13) or
simply did not bother to read it (P16, P22, P27), but could not articulate
why they felt this way when asked to elaborate. Two participants
personally considered the feedback box to not be an important feature,
but mentioned they would prefer to keep it rather than remove it, if
given the choice (P19), and “for some people who don’t understand
certain parts of math, it would help them” (P21).
5.2 Impact on Engagement
Quantitative Analysis. Figure 6 shows the results of the sub-
jective ratings collected during the interview. Participants in the
with-narrative condition appeared to be more engaged and content
with the game than those in the without-narrative condition. We ran
Mann-Whitney’s U tests on each rated category and found significant
differences between the two conditions for: art (U = 53, Z = -3.14, p
= 0.002, r = 0.56), activities (U = 66.5, Z = -2.49, p = 0.01, r = 0.44),
engagement (U = 63, Z = -2.72, p = 0.007, r = 0.48), and fun (U = 57.5,
Z = -2.82, p = 0.005, r = 0.50).
Qualitative Analysis. Thoughts on the story and character were
mostly positive, with some participants praising the usage of different
facial expressions on characters to express emotions, as opposed to
displaying a single static image per character. Two participants (P22,
P29) explicitly stated they enjoyed how the story and the problems
were connected to each other, and one participant (P31) liked how the
overarching narrative provided motivation behind the problems:
P31: “They’re questions that are actually in-depth and it’s not
just like, ’This person has this, that person has that, my answer
is this.’ Why would I care how much stuff Joan has? Why do I
care about this person’s problem? ... This game is like, ’I need
your help, can you tell me what this is?’ and less like ’This
person needs this thing, now explain what they need to do.’”
Unprompted, one participant (P10) in the without-narrative con-
dition stated, “The questions didn’t really follow a story. I’d kinda
like to fit it in a story.” However, not all feedback was positive. Some
participants (P4, P5, P14) felt that the story and interactions were too
short and would have benefited from more detail, commenting that “a
lot of the characters were very shallow – like not much personality.”
(P4), and that it was regrettable that “for some of the characters, you
talked to them once and never saw them again.” (P14)
Finally, while most participants enjoyed the fantasy aspect of the
narrative, two participants (P7, P15) remarked that the usage of fantasy
contexts – whether they are interesting or not – made the problems
more difficult to them:
P07: “I got a bit confused about how they kept talking about
spells because I’m just not engaged with that overall so I
wasn’t really interested in that, but I think the questions – be-
cause they used spells – would both be engaging for people
who do enjoy it, and in a way, used in the real world.”
P15: “I felt the drawings [...] kinda engaged you and the ques-
tions were really mystical and interesting types of questions. I
think it would’ve been slightly easier, in fact, with questions
about the real world, but I think that’s why most mathematical
games like Prodigy [7] veer off to mythical questions – because
they’re a bit more difficult to answer.”
5.3 Brute-Force Behaviour
There were a few cases (6/33, 5 without-narrative, 1 with-
narrative) where participants visibly appeared to try and brute-force
their way through some questions. P2 began brute-forcing solutions
and ignoring feedback when exposed to histogram questions, but still
read the story. For one histogram question, P9 read the question and
associated choices but appeared to be unsure about the solution and
tapped on all answers without reading the feedback box. P16 was
observed to do this for several questions, while P18 did this for most
questions. One participant (P13, with-narrative) would occasionally
make a random first selection just to see if the feedback box would give
them a hint. This said, all participants appeared to read and think about
each question. There were no instances observed where participants
would immediately begin tapping on solutions.
When asked about whether they engaged in brute-forcing strategies,
participants were honest in self-reporting even if it happened on a single
occasion. In our review of the sessions, we saw that in many of these
self-reported cases (5/7), participants read feedback and paused to think
about what to pick next after some form of minor guessing at first
– in other words, children would report uncertainty and guessing as
brute-forcing. The two participants (P16, P18) who were observed to
engage in this behaviour admitted to brute-forcing during the interview.
P18 did not elaborate on why they did so, but P16 stated:
“If I got it wrong the first time, I’d just press the other two. I
just didn’t think the other two were right when I got it wrong
and I didn’t want to go over [the question] again.”
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P16 also mentioned he did not notice the feedback box at all, likely
contributing to their brute-forcing behaviour. In observing how players
interacted with the story, we saw that almost all participants took the
time to read through the dialogue, with some exceptions (P5, P16).
5.3.1 Suggestions
Participants in both conditions (6/16 without-narrative, 3/17
with-narrative) felt that the problems were unclear and lengthy at
times, suggesting that we should shorten the question text. Many
participants (15/33) said they would have liked to see more varied
topics beyond charts (e.g., fractions, percentages) or the ability to tar-
get specific grade levels. On story elements, 7 (without-narrative)
wanted to see more of a story in the game, while 6 (with-narrative)
would have liked a longer story line or branching narratives. Seven
participants wished for more interactive activities, 5 would like to add
character customization, and one thought it would be good to include
voiceovers.
6 DISCUSSION
With the results of the study, we first address (RQ2): the impact of
narratives on learning and engagement. With respect to learning, we
detected a significant difference between the pre- and post-test scores
for Q6 in the with-narrative condition. Both Q5 and Q6 required
participants to understand that the intervals on the x-axis should be
equal. Given that a handful of participants mentioned they were not
familiar with histograms, it could be that participants focused solely
on the bars in the pre-test. After learning more about histograms and
deception, participants may have looked at the graphs more carefully in
the post-test. Beyond that, while the overall impact on learning was not
statistically significant, trends based on per-participant performance
provide further insight on the games and their effects on learning.
All children in the youngest age group either improved or exhibited
no change in performance, unlike in other age groups. This, combined
with comments that the game would be better suited for students new
to a topic and past work indicating that narrative text supports learning
when prior knowledge of the content is low [90], provides support for
the game as a tool to support learning about new concepts. Moreover,
it could be used to target children identified as struggling in a particu-
lar area or slightly younger audiences, though issues associated with
reading comprehension skills may arise. The imbalance in age/grade
between conditions due to randomized group assignments could also
mean less room for improvement in the with-narrative condition.
The usage of narrative elements appeared to negatively affect per-
formance of male participants in our study, as well as exacerbate the
degree to which people improve or do worse between the pre- and
post-tests. The reason is unclear, but could perhaps be attributed to
players becoming too focused on the story and not the educational
content, gender-based preferences [14, 29, 44, 91, 92], and/or fatigue.
Participants in the with-narrative condition spent nearly double the
amount of time playing their version of the game due to the addition
of dialogue and exploration views, and we noticed one participant in
this condition was visibly exhausted by the end of the study. This
participant was also recorded to have performed considerably worse in
the post-test. As such, the results of the post-test and interview sessions
in the with-narrative condition may have been negatively impacted.
On the impact of narrative elements on engagement, we saw signifi-
cant differences in how participants rated their enjoyment of the game,
specifically the art, activities, engagement, and fun. Higher ratings
for the art were likely due to the presence of portraits that appeared
during conversations, on top of the smaller sprites seen by those in
the without-narrative condition. With respect to educational activi-
ties, some participants mentioned they appreciated how word problems
were linked to the story and how the story helped make them feel in-
vested in the problems they were solving. Meanwhile, improvements
in engagement and fun could be attributed to the presence of explo-
ration and story, giving players more to do than answering questions,
supporting past findings on experiential play [88] and the benefits con-
ferred through engaging with the material beyond simply reading and
responding to questions [23,57,67]. Overall, the inclusion of additional
narrative elements had a positive effect on player enjoyment, while not
impeding learning, which is encouraging.
7 DESIGN CONSIDERATIONS FOR EDUCATIONAL RPGS
Our game was motivated by design considerations grounded in game
design and education literature. We intentionally limited the scope
of our technology probe, so as to make the game amenable to an
initial exploration of our research question (RQ2) in the context of a
time-constrained study with child participants. While some guidelines
for prospective game designers exist [75], there is a lot of freedom
afforded to designers with respect to what decisions they can make on
various factors. In this section, we investigate (RQ1) and present an
overview of important factors for designers to consider when building
an educational game for visualization literacy, the personal choices we
made, as well as some alternatives and their associated trade-offs.
7.1 Target Audience
Children of different ages are expected to have varying levels of read-
ing comprehension, affecting the narrative elements one can present.
The target audience’s prior familiarity of subject matter also plays a
crucial role, identifying what concepts can be built on and possibly
consolidated, as well as which learning objectives should be addressed
in the game. Children are exposed to visualizations as early as grade
1, starting with very concrete counting and sorting of physical objects,
followed by pictographs, then highly abstracted visualizations such as
bar charts [15], but it should be noted that differences arise based on
factors such as grade and location.
A comparison of curricula shows that children in France [12], On-
tario [11], and various states that have adopted the Common Core State
Standards [10] are expected to begin learning about data management
in grade 1, whereas students in Manitoba [11] begin in grade 2. With
respect to chart types, the Ontario curriculum expects children to un-
derstand histograms and scatter plots by the end of grade 8, while the
French curriculum mentions scatter plots (“graphiques cartsiens”) and
histograms as early as grades 3 and 4, respectively. Developing an un-
derstanding of how visualization is taught at various ages and locations,
so as to not make false assumptions about what children already know,
is essential to inform the educational content to be covered.
In our design process, we validated our content with professional
educators. To measure readability, designers could also analyze text
using the Flesch-Kincaid readability tests [81]. We designed activities
that would be most suitable to learners in grade 7 to see whether
younger (grades 5 and 6) and older (grade 8) learners may have a
different response to the built prototype, as it is common for children
to commence learning a novel concept in a grade, then revisit and
further explore it in subsequent grades. From our study, we saw either
improvements or no change in younger grades, but this was not true
for older groups. This does not mean, however, that we should solely
include content from higher grades — some children are bound to
struggle with concepts more than others. Personalized experiences
(e.g., adjustable difficulty, topic/concept selection) would be helpful
here, though more work is required to further explore this avenue.
7.2 Time
On top of the time spent on the educational content, designers must
also consider how much time is needed for players to interact with the
narrative elements. In our study, there was not a significant difference
between the time spent on educational activities between the two condi-
tions, but the total time spent in the with-narrative condition brought
the average play time to double that of the without-narrative condi-
tion. This disparity cannot be understated, but the boost to engagement
without sacrificing learning shows that the inclusion of narratives can
be beneficial. Still, designers must be considerate of the trade-off be-
tween time and engagement, and whether it is “worth it” in the context
of their own games. Creative game mechanics where the narrative is
presented mostly in the form of expressive graphics (e.g., as found in
the game Florence [3]) are worth investigating to mitigate time cost.
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Chart Students are asked to create a chart to represent a given set of
data and oftentimes also label parts of the chart.
Label Students are given a chart or table and asked to add labels (e.g.,
column names, axes, categories, intervals).
Match Students are provided with sets of entities (e.g., a set of charts
and a set of sentences/inferences) and asked to and asked to
determine a 1:1 mapping of entities from one set to another.
Multiple Choice Students are given a question and a set of choices, and are
required to identify the most-correct response to the question.
Numeric Students are given a question requiring them to read a chart or
table and report a single number to answer the question.
Plot Students are given a chart (either incomplete or an empty tem-
plate) and asked to plot data points or populate it with data.
Survey Students are tasked with surveying others and collecting data.
Discussion Students are given a topic and asked to verbalize their thoughts
in a classroom setting, hearing and responding to input from
fellow students and facilitators (e.g., teachers).
Short Answer Students are asked a question about some provided data or
visualization and required to give a short textual response.
Long Answer Similar to short answer questions, but more complete sentences
(and possibly justification) are expected .
Table 2. Types of questions for data-related problems.
7.3 Educational Activities
In school, children are given various types of problems involving data
visualizations [15, 79] (see Table 2), targeting different cognitive re-
sources and requiring development of a complementary set of skills,
from thinking critically about different options to choose from, to gen-
erating explanations for one’s reasoning. Ideally, an educational game
focused on visualizations should leverage all types of problems bor-
rowed from current best practices and research in education, in order to
support holistic competence development. For instance, prior research
has shown that response format (e.g., multiple choice) is not nearly as
important as stimulus format (i.e., context-free or context-rich) [77].
We opted for multiple-choice questions due to the ease of imple-
mentation, verification, and their ability to support a breadth of topics,
and looked at sample exercises and worksheets [4, 5, 9] for guidance.
We noticed many chart questions could be classified further into either
create a chart-type questions, or interpret the chart-type questions. The
latter would be simple to translate into multiple choice questions, but
the former would present a challenge unless players are asked to make a
choice for each part of the chart (e.g., “Which of the following options
is best suited as a label for the y-axis in this chart?”). To address this,
we made use of questions where players would be presented with differ-
ent charts and have to choose the one that best fits a scenario, followed
by a question requiring to interpret the graph, allowing learners to bring
resolution to the problem at hand.
Solving problems related to data visualizations encompasses a va-
riety of activities, ranging from data collection, data cleaning and
wrangling, data manipulations, and choice of mappings to general
considerations about how to best represent the same data to address
specific questions, think critically about the generated visualization,
and ultimately communicate findings. Our game started by tackling
data-related problems directly translated and adapted from textbooks.
Developing a game that encompasses all of these activities goes beyond
the scope of our paper, but we share our reflections on how the inclu-
sion of different activities could guide the design of a narrative-based
educational game more generally (§8).
One of the challenges with stand-alone educational games lies in
validating answers and providing appropriate guidance and feedback to
the student to support learning. The variety afforded by having humans
validate responses in traditional settings does not translate well to games
– we are restricted in how we can automatically assess answers, affecting
the types of questions we can administer to players (Table 2), as well as
the level of feedback. Responses to closed questions are very easy for
computers to validate, as solutions are largely binary. Such questions
are suitable to visualization tasks where a clear, unique answer is
possible (e.g., retrieve a value, basic comparisons of two elements,
identify an outlier) [16]. While the rigidity of these question formats
facilitates implementation and assessment, it also acts as a catalyst for
the shortcomings. Numeric- and plot-type questions are limited in what
skills they can test and are primarily used for testing basic chart- or
table-reading. Also, the answers for multiple choice and match-type
questions are always visible to learners, making them ill-suited for
topics that may require spontaneous generation of responses [77].
Open-ended questions afford more nuanced, richer forms of input
that are often necessary for the educators to understand the learner’s
reasoning process. For data-related problems with visualizations, it is
possible that different analytical paths yield equally reasonable answers,
especially when patterns are subtle, data is uncertain, or the problem
can be interpreted differently (i.e., in a problem asking “what makes
these shops successful?”, the concept of success could be ambiguous
or hold multiple meanings). Thinking critically about how to approach
a problem and use data and visual representations of this data has been
highlighted as an essential component of visualization literacy [31].
Open-ended questions, though typically requiring sophisticated meth-
ods of validation, such as natural language processing techniques (e.g.,
[47]) or computer vision methods (e.g., color mapping extraction [69]
to be used by intelligent tutor agents (e.g., [73])) should be considered
in more advanced, comprehensive educational games. Further effort
is required to create a platform that (1) supports interactions between
students and teachers, (2) provides teachers with a way to assess the
quality of discussions, and (3) allows for seamless transitions back to
the rest of the game, so as to not impede on player immersion.
Other facets to consider include time needed to complete activities,
as well as how prone different formats are to brute-forcing strategies.
For instance, multiple choice questions can be very quick to answer, but
are considerably more vulnerable since learners are given immediate
feedback and may exhaust all possible solutions until they pass. A good
balance must be struck between time spent on activities compared to
the rest of the game, as well as the variety of problems. If players are
constantly required to answer open-ended questions every few minutes,
they may quickly grow bored or frustrated by the game. Designers
could also explore other input methods to see if they add to playfulness
(e.g., Florence [3] uses shake, drag, and draw instead of simple clicks).
7.4 Narrative Design
Data-related problems are commonly presented with stories to provide
context and motivation for resolution of the problem. To the best of our
knowledge, while other educational games with narratives exist [1,2,7],
this work is the first to leverage narratives to inform the design of an
RPG-like educational game focused on visualization literacy, and eval-
uate whether such an approach would be conducive to learning. With
the exception of larger projects that span over several days and cover
a range of activities, individual exercises in textbooks and worksheets
are typically presented as being independent and disconnected from
one another, making it difficult for a design to translate and piece these
elements into a singular cohesive and engaging narrative. Below, we
address a few topics related to narrative design.
7.4.1 Narrative Model
There are many ways of integrating activities into a narrative. In games,
narratives often follow one of three main models: linear, string of
pearls, or fully-branching [82]. Linear models are very rigid, requiring
players to follow a specific sequence of events, which represent an
appropriate choice if the activities encompassed in the game must all be
completed by the learner to acquire the targeted competencies. Because
different learners may require different emphasis on certain topics, or
some more advanced activities may be provided for a motivated learner
to learn beyond the core set of exercises supported by the main story
line, additional quests could be integrated, following what the game
design community refer to as string of pearls. In RPGs, this is often
accomplished through side stories or quests that allow players to take
a break from the main story line to interact with other characters and
learn more about the game world. Fully-branching games push this
even further, allowing players to make choices that directly impact the
story and results in players being shown different events given previous
decisions. The latter is particularly valuable in instances where a learner
requires more practice on a particular topic, as evidenced by the number
of attempts or amount of guidance required to solve the core exercises.
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Our design probe employed a linear model, as we wanted to force
each player to go through the same set of steps, making for fairer com-
parisons between subjects in an empirical study, as opposed to other
models that afford more flexibility, and therefore, possible confounds.
Future work should explore how different narrative models support dif-
ferent needs and preferences. On a related note, it is worth mentioning
the amount of freedom and agency offered by the different models may
also impact the enjoyment and player experience, as making players
feel as if their choices matter acts as a psychological motivator [51, 54].
7.4.2 Characters
In word problems, questions are usually presented in a way that intro-
duces a character and the problem they are facing. With an overarching
narrative, an educational RPG can spend some time presenting back-
ground information for characters, giving further motivation as to why
their problems are worth solving. In creating characters, designers must
be aware of how character design and presence affects factors such
as impact on player immersion, attachment or identification [32, 53],
cognitive and affective learning [64], resources required, and time spent
on exploration and interactions. We strove for diversity of gender and
personality, but opted for simple character stories in order to minimize
time required to meet each character. Participants noted the lack of
depth of characters, and that some were only met once. Designers could
consider using characters from established universes, as characters fa-
miliar to the learner could reduce introductory text, and would build on
an already developed attachment and empathy for these characters.
7.4.3 Dramatic Arc
Freytag’s dramatic arc model [39] has been described as “the heart of
any good drama and any good game system” [88]. This arc consists
of five parts: the exposition/introduction, rising action, climax, falling
action, and catastrophe/denouement). Many stories tend to incorporate
this arc, but vary in how much time they spend on each phase, as well
as the number of times they repeat a phase or set of phases. Prior
studies in education and psychology have shown that stories that follow
a dramatic arc are more likely to elicit empathy for characters in adult
audiences [18], and are more well-received by children when compared
to stories without dramatic arcs [45]. It should be noted that while
including a dramatic arc may increase engagement with the narrative,
its effects on learning are unclear and remain to be explored.
7.4.4 Genre
Whether or not a story is interesting to an individual is largely due to
personal preferences and very difficult to account for – it is not possible
to create a story that appeals to all audiences. A survey looking at
player motivations found that gender disparities exist when looking at
genres, e.g., females were found to be more interested in games with
high fantasy themes as opposed to science fiction [92]. Such findings
may be used to help guide the creation of narratives.
There are many different genres of stories (e.g., science fiction, high
fantasy, mystery). For brevity, we generalize and discuss two groups:
fantasy and non-fantasy. Fantasy is a large part of the lives of newer
generations [70], and is considered an intrinsic motivator [56]. A study
where children were offered the chance to interact with a game in either
a fantasy or no-fantasy context, found that children preferred to choose
fantasy [68]. Moreover, RPGs generally make use of fantasy stories,
so if the goal is to make an educational game similar to commercial
ones (e.g., perhaps to give the illusion that it is more of a game than
a learning tool), it may be intuitive to make use of fantasy elements.
However, there are concerns regarding its impact on education.
Some literature in education suggests that fantasy hinders the ability
for young children to transfer knowledge from fictional settings to
real-world scenarios and, instead, recommends realistic content [41, 71,
72, 83, 87]. Designers must consider the trade-offs between education
and motivation when choosing a genre. Furthermore, past work has
cautioned care in ensuring that usage of fantasy elements does not
compete with educational content for player attention, as increased
motivation with the context may negatively affect learning [56].
7.5 Game Design
We now discuss points of consideration in the design of the game specif-
ically. In weighing options, care must be taken to ensure that the game
adequately supports and facilitates the integration and interleaving of
educational elements with narrative elements, in order to address learn-
ing objectives whilst not interrupting a player’s immersion [34, 89].
7.5.1 Feedback
Regarding the educational aspect of the game, designers must consider
how they want to convey to players whether they have done something
correctly or incorrectly, as well as how much information or feed-
back to present when a player answers a question. Prior research has
shown that support features such as advice is not conducive to learning,
whereas feedback and just-in-time information promotes learning [55].
Designers must consider, then, how much feedback is to be presented,
whether or not the feedback is meaningful, as well as how to display
this feedback. Preset feedback messages are simple to implement, but
require designers to anticipate reasons for why a player might have
answered a question incorrectly.
In our study, children were mostly positive about our method of
presenting feedback, but some noted they would occasionally skim or
ignore feedback because they believed it would not tell them anything
they did not already know. Designers should acknowledge that children
may ignore the feedback attached to correct answers, or that they will
only selectively read up to the point where they realize what they did
wrong. To improve reading rates or engagement with feedback in
general, designers could explore the efficacy of personalized feedback,
though this would require more effort to implement.
7.5.2 Exploration
Many RPGs tend to have some sort of exploration involved, allowing
players to move around the fictional world at their own pace. Ex-
ploration is not commonly leveraged in educational games including
narratives [1, 2, 7]. The ability to freely roam and explore creates the
illusion of the game being less linear than its narrative-driven gameplay
may imply [35]. Thus, exploration should not be overlooked in the
game design. Designers should first consider how movement is handled
in the game: do players simply tap on hotspots to load a connected map
and start dialogue (like in point-and-click adventures), or do they see
and control characters moving around the actual game space (like in
modern-day RPGs)? The former saves time dedicated to animations
and defining colliders, but may not feel as immersive to players since
they are not able to explore as freely. One must also consider the size
of the world and each area or map: a more expansive set of maps may
make the world seem more open and free, but may run the risk of
players becoming lost, on top of requiring more time for travel.
7.5.3 Combat
Combat or battles are often used in RPGs as a way of challenging
and testing players, as they must improve and develop tested skills to
progress. Players are encouraged to complete side quests and defeat
lower-leveled enemies in order to accumulate more experience and
items to become stronger and face harder encounters. In an education
setting, this system could be used in a few ways: players could complete
educational activities to unlock skills or items to make battles easier,
players could be asked to complete educational activities in order to
inflict damage to enemies in combat, battles could be where players
collect items [7], or be replaced by educational activities entirely.
7.5.4 Voices
Voice acting is commonly used in commercial games to further take
advantage of auditory streams and add depth to characters and/or the
narrative. In an educational game, voices can be used to help children
follow along with the text. Younger children are used to having some-
one read to them [13] and the presence of voices could help emulate
this environment, but voice acting requires additional assets, which
may be costly depending on the level of professional quality.
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7.5.5 Multiplayer Aspects
Some games support multiplayer capabilities through methods such as
competition (e.g., player vs. player, leaderboards), socialization, and/or
co-operative play. Findings regarding competition in educational games
appear to be mixed. Some found that competitive elements increased
learning and motivation [27], while others found the opposite [30].
Socialization or discussion with others has been shown to support
learning [55, 80], but when dealing with young children, designers
must consider ways of moderating discussions, either automatically
or by requiring a an educator or other adult to monitor the chat to
ensure the space remains safe for students and conducive to learning.
Co-operative play could be used to support collaborative learning, but
a game designed specifically for groups could run into issues where
players are unable to find others to play with, or simply do not enjoy
connecting with others for the sake of an educational game.
For all of these methods, designers must also consider whether or
not supporting these features in the game is actually needed. In a class-
room setting, teachers could emulate competition, communication, and
co-operative play by setting up in-class leaderboards, holding class-
room discussions, and allowing students to play together. Finally, the
impact of these features on individuals can be varied due to personal
preferences. For example, the presence of competitive elements may
motivate those who are naturally competitive, but could add unneces-
sary pressure and drive away those who are not.
7.5.6 Other Motivators
Games make use of various motivators (e.g., customization, achieve-
ments) that we did not address. Designers may be interested in adding
these features into an educational RPG to enrich it, but the effects of
each motivator on learning has largely yet to be explored. As personal
preferences play a large role in how effective each motivator is for
an individual [91], it can be difficult to anticipate the effectiveness
of including certain motivators. Unsurprisingly, our participants ex-
pressed an array of opinions on all aspects of the game due to personal
preferences: some suggested adding more competitive elements, while
others noted disdain for such features. On the educational aspect, there
were conflicting answers on how much to focus on education versus
play, as well as topics to concentrate on or cover. Such comments speak
to a need for more personalized experiences and/or additional features
that children are not required to interact with (e.g., optional puzzles).
8 LESSONS LEARNED: CONSIDERATIONS FOR DESIGN
Visualization learning objectives affect game design. The design of
our probe was driven largely by the learning objectives we covered (i.e.,
chart reading and interpretation). A multiple choice setup allowed us to
quickly and robustly address and test a variety of topics, but consider
cases where designers may instead choose to focus on visualisation
construction [21] or exploration of data; the gameplay would have
to accommodate such activities seamlessly, seeking inspiration from
mechanics found in existing games where possible (e.g., in Metrico [6],
player actions such as jumping and walking impact the visualization).
We brainstormed several possible gameplay options before fleshing out
the learning objectives, and found that such an approach constrains
activity design, potentially limiting their educational value – in other
words, forcing activities to comply to game mechanics, rather than
prioritizing the quality of the educational content, could hinder the
learning experience. Instead, we recommend that designers first focus
on activities independent of game mechanics and visual design, as we
believe one of the main dangers in designing educational games is to
focus more on play rather than learning.
In gamification, this balance between learning and play is often
explored in stealth learning [78]. While this was not our focus, we do
briefly touch on ways that activity and game designs could accommo-
date stealth learning through immersion and other means (§7). Future
work performing a systematic analysis of visualization learning objec-
tives specifically, along with educational activity types and suitable
game mechanics would both aid future designers, as well as help organ-
ise research efforts investigating what strategies best support learning
of different visualization literacy skill sets.
Game design affects visualization design. The relationship be-
tween visualization and game design is, by no means, unidirectional.
The design of the game also shapes the visualizations. Designers may
see a need to move away from best practices previously established
by the visualization community in order to better assimilate charts
and other such assets within their game. For example, the usage of
sharp graphics (as opposed to sketchy graphics [59]) or certain colour
schemes may clash with the aesthetic of the other art assets. The clear
distinction between “fun” assets and “serious” assets could break a
player’s immersion in the game environment and impact their learning
and engagement. In our game, we opted for sketchy rendering for the
choose-a-chart questions intentionally as the presented options were
to be seen as visualization templates, rather than representative of the
underlying data. This choice influenced the design of the interpret the
graph questions, which we decided to make consistent, though this may
impact reading and interpreting the graphs. Future work should explore
such trade-offs in the context of information visualization specifically.
9 LIMITATIONS
Games are usually played at one’s own pace and players are usually able
to stop and resume playing at different periods throughout the day or
across multiple days. In our study, some participants reported playing
games for less than one hour per week, but we required participants
to focus solely on the game for upwards of 30min in a single session,
leading to fatigue. A more true-to-life evaluation would perhaps allow
players to play in shorter bursts across a longer period of time. This
would also address cases where participants felt characters were shallow
or that a longer story would be better, as it would give us more freedom
to extend the narrative to create a more rich and immersive experience.
The design of our pre- and post-tests were also limited despite being
co-designed with educators. We opted for multiple-choice questions to
save time and have a test well-aligned with our games, but it is unclear
whether changes in performance between the two tests were due to
actual changes in knowledge or the result of guessing. Open-ended
questions may have given us more insight into how much information
they acquired from the game, but the time needed to answer questions
would be problematic for a one-hour study. The limited sample size
was also an issue; studies were conducted during the active school
term when students and guardians have busy schedules, and concerns
surrounding COVID-19 resulted in early termination of study sessions.
There are also limitations caused by the design of our game. Our nar-
rative used a fantasy world, but this may only appeal to some children.
The implications of our narrative elements on learning and engagement
may not necessarily apply to other genres; more could be done to com-
pare non-fantastical to fantastical worlds, and variations of each and
how suitable they may be to address visualization learning objectives.
10 CONCLUSIONS
In our work, we looked at how gamification could be used to support
visualization literacy education and contributed what we believe to be
the first story-based game in this space. Results of our evaluation with
child participants were encouraging with regards to engagement, though
results on learning were mostly inconclusive. Qualitative feedback
showed many conflicting opinions on various topics (e.g., characters,
combat), echoing differences in past findings regarding narratives and
learning performance [22, 62]. We outlined considerations for narrative
and game design, and see value in further research studying the impact
of each aspect (e.g., narrative genres, motivators), as well as how these
can be best used to augment visualization teaching and learning, and
hope our work will inspire future explorations in this promising area.
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